We used polarized Zeeman-effect flameless atomic absorption spectroscopy to quantitatively measure cadmium, copper, lead, and manganese in a nitric acid digest of lyophilized human kidney cortex. Within-run coefficients of variation for cadmium, copper, lead, and manganese, 15.3, 177.2, 84.2, and 56.3 .tg/L, respectively, were 4.1, 6.3, 3.7, and 5.6%, respectively. Between-run coefficients of variation were 6.9, 5.5, 5.9, and 6.3%, respectively, for cadmium, copper, lead, and manganese concentrations of 135.1, 12.8, 2.72, and 3.80 ig/g, respectively.
. However, determination of the analyte metal in a complex matrix such as tissue suffers from chemical and spectral background interferences from other matrix constituents
fl(jtrifiQfl . tissue analyses
Therefore, it is often necessary to remove these interferences by wet digestion with a nitric acid!perchloric acid mixture, by extracting the analyte from the digest, or both. In addition, high ashing temperatures may be needed to drive off interfering inorganic salts (4) (5) (6) . These timeconsuming pretreatments are a source of contamination or analyte loss (4) . In particular, the presence of chloride in the matrix leads to loss of cadmium and lead as their volatile chlorides at high ashing temperatures (>400 #{176}C) (7) . and electrodes from oxidation. The second system, the carrier gas, flows from the ends of the cuvette to the central portion and tends to maintain the metal vapor in the homogeneous portion of the magnetic field. The flow of carrier gas was regulated with an external flow meter (Lab Crest Scientific Glass Co., Warminster, PA 18974), which allowed the gas flow to be adjusted from 0 to 100 mL/min. Argon gas was used for both flow systems.
Tissue 
Collection and PrepartionofSamples
Kidney cortex specimens with normal appearance were collected at autopsy from the lower pole of the left kidney. The tissue, 1.0 to 2.0 g wet weight, was placed in an acid-washed plastic container and stored at -20 #{176}C until lyophilization. The tissue specimen (halved when duplicate assays were performed) was weighed to the nearest 0.1 mg wet weight. The outer surface was then cleaned with a pressurized stream of distilled de-ionized water to remove outer surface contamination. The tissue was transferred to an acid-washed tube, the tube was inserted in liquid nitrogen for 20 s, and the frozen specimen was then lyophilized (usually 14-16 h). We then weighed the lyophilized tissue, added 2 mL of "Ultrex" grade 70% nitric acid to it, and allowed the mixture to stand for 24 h (this step may be completed more quickly by warming the mixture to 50#{176}C). A reagent blank was prepared at this time.
SpectroscopyProcedure
For cadmium analyses we used a 300-fold dilution of the nitric acid digest: a 10-L aliquot of the well-mixed digest was transferred to 3 mL of distilled de-ionized water, with use of the reverse pipetting technique (11). Both copper and manganese were analyzed for in the same 10-fold dilution, prepared by transferring 0.1 mL of well-mixed digest to 0.9 mL of distilled de-ionized water, with use of the reverse pipetting technique.
We analyzed for lead in a twofold dilution of the digest, using the reverse pipetting technique for the transfer. A 10-zL aliquot of the diluted digest was transferred to the graphite cuvette of the electrothermal atomizer and analyzed with the instrument settings and conditions shown in Table  1 .
The The absorbance signal for a specimen, corrected for the reagent blank, was compared with this standard curve. Lead analyses were performed by using a standard additions curve for 0, 50, 100, and 150 zg of lead per liter, prepared in a manner similar to that for the copper analyses. Similarly, manganese absorbance signals, corrected for the reagent blank, were compared with a standard curve prepared from 25, 50, 75, and 100 zg of manganese per liter in dilute (72 mL/L) nitric acid. Figure 1 shows the recorder tracings of a standard additions analysis for lead in a diluted kidney digest.
EstimatedResidual BloodVolume
Residual blood in the kidney cortical tissue was roughly is substantially higher in liver than in kidney cortex, adding copper was unnecessary.
The sixth sample was used to determine the endogeneous metal concentration.
Results and Discussion

Lyophilization
Step
To check reproducibility, we made duplicate determinations for percent nonvolatile solids in 18 lyophilized kidney cortex specimens.
Between-run differences in percentage of nonvolatile solids ranged from 0 to 3.4%; three-fourths of these results differed by <1%. The average mean percentage of nonvolatile solids was 17.6 (SD 1.8%). Most of the specimens lost 81 to 84% of their wet weight on lyophilization.
The concentration of the metal should always be expressed per gram of lyophilized tissue because the character of the specimens (edematous tissue, for example) and sample handling (loosely capped sample containers stored in a "frost-free" freezer can lose half their water) will affect their weight.
Analysis Procedure
All conditions were determined empirically. Figures 2 and  3 show the effects of carrier gas flow and atomization temperature (as indicated by atomization current) on absorbance signals for the metal digest. Changes in sheath gas flow rate from 1 to 4 L/min had no significant effect on the absorbance signal peak height for the four metals. Cadmium concentrations in human kidney cortex were high and varied greatly among kidneys; for this reason, if the same dilution of digest was to be used for all specimens, the analysis needed to be linear from 10 to 75 ig/L. To accomplish this, we increased the carrier gas flow rate from the usual 0.1 to 0.6 L/min. The tube-type cuvette, which reaches a higher atomization temperature, was needed for efficient atomization of copper, as can be seen from the temperature (current) effect in Figure  3 . Lead and manganese were determined in cup and tube cu- Within-run and between-run CVs are shown in Table 2 . Within-run precision was assessed by performing 10 replicate analyses for each metal on the same kidney cortex digest.
Between-run
precision was assessed by making duplicate analyses on 16 specimens in the case of cadmium and copper and 18 specimens in the case of lead and manganese.
The relatively large between-run CV for the cadmium analysis reflects the inhomogeneity of the metal within the cortex (13) : the cadmium concentration in the outer cortical region reportedly is double that in the inner cortex. Thus, a sample that includes more of the outer cortex than the inner cortex would have a higher cadmium concentration. An attempt was made to minimize this potential sampling error by making a square cut down to the cortico-medullary border. We saw no evidence of inhomogeneous distribution of copper, lead, or manganese.
The standard curves were linear to 75 g/L for cadmium, 200 zg/L for copper and lead, and 100 zg/L for manganese.
Detection limits for the assays were calculated as 2 SD, when the SD was determined for a diluted digest having a concentration within about 10 times the estimated detection limit. The SDs were calculated from the results of 10 replicate Thus, copper contamination would range from 0.23 to 0.82 or less than 6.5% of the observed value for the total copper in kidney cortex (Table 4) . Table 4 shows the mean concentrations for cadmium, copper, lead, and manganese in 30 kidney cortex specimens. Results exceeding 3 SD from the SD calculated without those values were discarded.
Analytical Recovery
Results of Analysis of Kidney Cortex
Our results for cadmium, copper, and lead agree well with reported values (19) (20) (21) . No reported values for manganese in lyophilized kidney cortex could be found for comparison.
Our procedures allow quantitation of cadmium, copper, lead, and manganese with a minimum of sample preparation and with simple analysis procedures.
In addition, this technique has background correction capabilities that allow lower ashing temperatures without loss of analyte or precision.
